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® Frequency tuning for a phase locked loop. 

@ Apparatus for setting up the tuning frequency of 
a phase locked loop is provided which utilises the 
voltage controlled oscillator of the phase locked loop 
itself. The apparatus includes signal translation cir- 
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cuitry which can provide a control voltage to the 
VCO of the phase locked loop dependent on a 
tuning voltage which is alterable in response to the 
frequency of the signal output by the VCO. 
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The present invention relates to an apparatus 
and method for frequency tuning of a phase locked 
loop. 

In setting up the tuned frequency for operation 
of a phase locked loop, It would be desirable to 

avoid the need for a separate local oscillator to 
provide the comparison frequency for tuning. 

According to one aspect of the present inven- 
tion there is provided apparatus for setting up the 
tuning frequency of a phase locked loop including 
a voltage controlled oscillator, the apparatus includ- 
ing signal translation circuitry having a first input 
connected to receive a first voltage and a second 
input connected to receive a tuning voltage, the 
signal translation circuitry providing a control volt- 
age to the voltage controlled oscillator which is 
dependent on the first voltage and the tuning volt- 
age, and frequency detection circuitry for detecting 
the frequency of the signal output by the voltage 
controlled oscillator in response to said control 
voltage, whereby said tuning voltage is altered in 
response to the frequency detected by the fre- 
quency detection circuitry. 

Preferably the tuning voltage is supplied 
through a switch which is disconnected when the 
correct tuning voltage has been established. 

The frequency detection circuitry can comprise 
first and second current sources connected in se- 
ries between respective voltage rails and an output 
node and being selectively switchable in response 
to a phase comparator connected to receive the 
signal output from the voltage controlled oscillator 
and a reference frequency signal. The output node 
supplies current which provides the tuning voltage 
via a capacitor. The capacitor maintains the tuning 
voltage on the second input of the signal translation 
circuitry when the switch has been disconnected. 

During tuning, the first voltage can be a refer- 
ence voltage set at a predetermined level. In nor- 
mal operation of the phase locked loop, the first 
input can be connected to receive a voltage depen- 
dent on the phase difference between the output of 
the voltage controlled oscillator and a signal input 
to the phase locked loop. The signal translation 
circuit then provides to the voltage controlled os- 
cillator a control voltage dependent on the voltage 
representative of the phase difference and on the 
preset tuning voltage. 

Preferably, the signal translation circuit com- 
prises a series resistance network having a resis- 
tance between the first input and the output provid- 
ing the control voltage which is substantially great- 
er than that between the output providing the con- 
trol voltage and the second input. 

The apparatus can include circuitry for prevent- 
ing drift of the tuning voltage after disconnection 
from the signal translation circuit. 



The invention also provides a method of tuning 
a phase locked loop to operate at a predetermined 
frequency, the phase locked loop including a volt- 
age controlled oscillator and the method compris- 

5 ing supplying a tuning voltage to a signal transla- 
tion circuit which provides a control voltage for the 
voltage controlled oscillator, detecting the frequen- 
cy output from the voltage controlled oscillator and 
setting the tuning voltage at the predetermined 

70 frequency. 

The method can include the step of providing a 
reference voltage to the signal translation circuit 
during tuning so that the control voltage is a func- 
tion of the tuning voltage and the reference voltage. 

75 Preferably this function is determined by resistance 
values in a series resistance network. 

An embodiment of the invention will now be 
described by way of example and with reference to 
the accompanying drawings in which: 

20 In the following figures, like numerals designate like 
parts. 

Figure 1 is a schematic diagram of a phase 
locked loop with frequency set up circuitry; 
Figure 2 shows a first embodiment of a phase 
25 locked loop in an FM sound carrier demodulat- 
ing circuit; and 

Figure 3 shows a schematic diagram of a sec- 
ond embodiment of a phase locked loop in an 
FM sound carrier demodulating circuit. 

30 Figure 1 illustrates a phase locked loop which 
comprises a phase detector 15 having an output 16 
connected to a loop filter 17 acting as a low pass 
filter. The output 18 of the filter 17 is supplied to a 
voltage divider circuit 41 . The voltage divider circuit 

35 41 comprises a first resistor R1 connected to a 
second resistor R2 at a voltage supply node 46, 
The voltage supply node 46 is connected to form a 
voltage input 19 to a voltage controlled oscillator 
20. The voltage controlled oscillator 20 Is arranged 

40 to provide two outputs 21 and 22 with a 90° phase 
separation between them. The output 21 forms a 
feedback input to the phase detector 15. 

The phase locked loop can be set up to run at 
a predetermined frequency by the frequency syn- 

45 thesizer 28 shown in Figure 1 . The frequency syn- 
thesiser comprises opposed current sources 52,54 
connected through respective switches 56,58 to 
supply current along line 60. The switches 56 and 
58 are controlled by opposed outputs from a phase 

50 comparator 62 one input of which is provided by a 
programmable divider 64 and the other input of 
which receives a reference frequency FREF, for 
example derived from a crystal oscillator. The pro- 
grammable divider has Its input connected to the 

55 output 22 of the VCO 20, and operates to divide 
the output frequency of the VCO by a predeter- 
mined amount, dependent on the relationship be- 
tween the reference frequency FREF and the de- 
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rived tuning frequency. The output 22 of the VCO 
20 is also supplied to a frequency nneasurement 
device 29. The current output on line 60 provides 
at node 49 a voltage for the voltage divider circuit 
41 through the action of capacitor C. A switch 61 is 
connected in current supply line 60. 

Reference numeral 50 denotes a voltage to 
current converter which has one input connected to 
receive the voltage on line 18 and the other input 
connected to receive a voltage reference Vref. This 
voltage to current converter 50 serves to maintain 
the voltage level on node 49 against drift when the 
switch 61 is disconnected. 

In order to set up the phase locked loop to be 
tuned to a particular frequency, the desired divisor 
is set at the programmable divider 64. One of the 
current sources 52,54 is connected by the opera- 
tion of one of the switches 56 and 58. Switch 61 is 
closed. With no input to the phase locked loop, the 
voltage on line 18 is at the DC level VREF, The 
control voltage supplied to the VCO 20 in line 19 is 
thus a function of the ratio between the resistors 
R1 and R2 and this value VREF. The resistors R1 
and R2 are selected so that R1 is much greater 
than R2. This enables the VCO to respond to 
relatively large changes In voltage at node 49 dur- 
ing the frequency tuning stage. The voltage range 
might be. for example, 0 to 12V. The output 22 of 
the VCO Is fed back to the programmable divider 
64. The phase comparator 62 compares the fre- 
quency output by the divider 64 with the reference 
frequency and alters the state of the switches 56 
and 58 to decrease or increase the current on line 
60 in dependence on the frequency difference de- 
tected. When the correct frequency has been es- 
tablished, switch 61 is opened and the voltage level 
maintained on node 49 by the action of the capaci- 
tor C. For phase locked loop tuning frequencies in 
the range of 5 to 10 MHz, a deviation of up to 
about 10 KHz is acceptable between the desired 
frequency and the frequency to which the phase 
locked loop is actually tuned. 

In subsequent operation of the phase locked 
loop, after tuning, a signal is input on line 13 and 
the loop operates in a conventional manner. How- 
ever, it is to be noted that the voltage divider circuit 
41 has the effect of altering the control voltage 
supplied to the VCO 20 through the action of the 
resistance divider network R1.R2. Because R1 is 
much greater than R2, the effect is to reduce the 
gain of the VCO over a small range of voltages. 

The voltage to current converter 50 receiving 
the voltage on line 18 and the reference voltage 
VREF acts through the capacitor C to maintain the 
voltage on line 49 at a stable level. 

The arrangement of Figure 1 allows a single 
VCO 20 forming part of a phase lock loop to be 
used not only in normal operation of that loop but 



also to set up the tuned frequency of the phase 
locked loop. This obviates the need for a separate 
local oscillator which would normally be required to 
set up the tuning frequency of a phase locked loop. 
6 Provided that the dividing ratio supplied by the 
voltage divider circuit 41 (R2/ri+r2) Is set to be 
much greater than one. the VCO 20 will appear to 
have a large dynamic range from the point of view 
of adjustment by the synthesiser 28 but neverthe- 

10 less can operate over a smaller voltage range as 
seen within the phase locked loop. Thus, the effec- 
tive slope for the VCO 20 when controlled by the 
synthesiser is S MHzA/ (for example 1.75 MHz/V), 
while the effective slope for the VCO 20 when 

75 operating within the PLL Is rS MHzA/. As an exam- 
ple. R1 = 16R2. r = 1/i7. 

The gain of the phase locked loop Is affected 
by the resistance ratio in the resistance divider 
network R1,R2 and this thus must be carefully 

20 controlled to provide the necessary gain character- 
istics for the phase locked loop. 

The circuit of Figure 1 can be used to set up 
the tuning frequency for a phase locked loop in a 
variety of different circumstances. By way of exam- 

25 pie, there follows a description of two circuits which 
can be used to implement FM modulation of a 
composite signal using a phase locked loop. In the 
following circuits, the circuit of Figure 1 provides 
the additional advantages that the audio bias volt- 

30 age can be maintained at VREF. typically 2.4V, and 
that there is an increased audio level for the output 
audio signal. Typically, this could be IV peak to 
peak. 

In the discussion of Figure 3 which follows, it 

36 will be appreciated that the calculations of R1 and 
R2 will be affected by the gain A provided in the 
programmable gain stage 40. The principles of 
operation of the circuit are nevertheless the same. 
In the example of Figure 2 an input signal 1 1 

40 comprises a plurality of FM sound carriers received 
by, for example, a satellite receiver each carrier 
being in the range of 5 MHz to 10 MHz with a 
modulation varying between ± 50 KHz to ± 200 
KHz. Each of the carrier frequencies is separated 

45 from an adjacent carrier by more than 180 KHz and 
the modulation of each signal Is arranged not to 
give a frequency overlap with the modulation of 
any adjacent carrier wave. The input signal 11 is 
fed to an automatic gain control circuit 12 having 

50 an output 13 forming an input to a phase locked 
loop circuit 14. The phase locked loop includes a 
phase detector 15 having an output 16 connected 
to a loop filter 17 acting as a low pass filter 
arranged to pass audio signal, for example up to 20 

55 KHz, without attenuation but with a sharp increase 
in attenuation at frequencies above this with par- 
ticularly heavy attenuation of signals at 80 KHz. 
The output of the filter 17 forms an audio output 18 
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and is passed through a voltage divider circuit 41 
to form a voltage input 19 to a voltage controlled 
oscillator 20. The voltage controlled oscillator 20 is 
arranged to provide two outputs 21 and 22 with a 
90** phase separation between them. Output 21 
forms a second input 23 to the phase detector 15. 
In known manner for using a phase locked loop for 
demodulation, the phase detector 15 provides an 
output 16 used to control the voltage controlled 
oscillator 20 via the loop filter 17 and circuit 41 so 
that the voltage controlled oscillator 20 tracks fre- 
quency variations in the input signal 13 to the 
phase locked loop. In tracking those frequency 
variations the variation in voltage on lines 18 and 
19 represents the modulation and thereby the 
audio signal carried by the input carrier wave on 
line 13. In the present case the phase detector 15 
is arranged to provide a current output signal which 
Is converted to a voltage signal by the loop filter 17 
and that voltage is used as an input to the voltage 
controlled oscillator 20. The phase detector 15 
comprises a Gilbert multiplier circuit arranged to 
provide a current output having a magnitude repre- 
senting the phase difference between the input 
signals 13 and 23 when they have the same fre- 
quency. When the input signals 13 and 23 have a 
different frequency the output of the phase detector 
15 is a periodic output at the difference frequency. 

It will be understood that the FM input signal 
11 consists of a plurality of carrier waves of dif- 
ferent frequencies and amplitudes. Prior to locking 
on. the output 13 of the gain control circuit 12 is 
supplied to a first level detector 25 which measures 
the peak amplitude of all carrier waves on line 13. 
This is fed through a summing circuit 26 to line 27 
forming an input to the automatic gain control 12. 
In this way the gain effected by the gain control 
circuit 12 is dependent on the peak amplitude of 
the carrier waves on line 13. This puts the am- 
plitude of the input signals forming an Input to 
phase detector 15 within an amplitude range to 
which the detector can respond. The phase locked 
loop Is tuned to a selected carrier frequency by 
use of the synthesiser 28 which provides a voltage 
input to the voltage controlled oscillator 20 through 
the voltage divider 41 to bring the output frequency 
of the oscillator to that of the required carrier 
frequency. The output 22 from the oscillator 20 is 
supplied to the synthesiser 28 so as to adjust the 
Input voltage to the oscillator 20 until it is providing 
an output on lines 21 and 22 which is substantially 
equal to that of the carrier frequency to which the 
PLL is turned. For the carrier wave frequencies 
mentioned above, up to about 10 KHz is an accept- 
able deviation. At this point the phase detector 15 
will be receivng the tuned carrier frequency on 
input 23 and the composite carrier frequency sig- 
nals on line 13. The phase locked loop 14 will act 



to lock onto the selected carrier frequency which Is 
input on line 13. The phase detector 15 will com- 
pare the input 23 with all carrier frequencies arriv- 
ing on the line 13 but In the case of all carrier 
5 frequencies other than the selected carrier frequen- 
cy, the output on line 16 will have a high frequency 
representing the difference between the frequency 
of signal on line 23 and the various carrier fre- 
quencies. The low pass filter 17 will filter out all 
70 signals which result from comparison of input 23 
with carrier frequencies other than the selected 
frequency. As the frequency of the selected carrier 
varies due to its modulation, the phase detector 15 
will provide an output signal 16 which generates a 
15 voltage input at 19 to the voltage controlled oscilla- 
tor 20 to make the voltage controlled oscillator 
track the modulation of the selected carrier wave. It 
is important that this tracking should be Indepen- 
dent of the amplitude of the selected carrier wave. 
20 For this reason the output 22 of the voltage con- 
trolled oscillator 20 is supplied to the further mixer 
circuit 30 which is of the same construction as the 
mixer 15. The mixer 30 has an input 31 derived 
from line 13 as well as the input derived from line 
25 22 from the voltage controlled oscillator 20. Due to 
the 90° phase shift between lines 21 and 22 the 
mixer 15 will act as a phase detector for the 
selected carrier frequency and mixer 30 will act as 
an amplitude detector for the selected carrier fre- 
30 quency. In this way mixer 30 provides an output 32 
which represents the amplitude of the selected 
carrier wave at any time and this is fed through a 
further level detector circuit 33 providing an input 
through unit 26 to line 27 and thereby control the 
35 automatic gain control unit 12. In this way. level 
detector 25 initially provides an untuned gain con- 
trol which controls the operation of the automatic 
gain control circuit 12 setting a maximum level for 
the output signal 13. Once the phase locked loop 
40 14 has locked onto the selected carrier frequency 
the signal derived from level detector 33 provides a 
tuned gain control which overrides control of the 
automatic gain control circuit 12 so as to control 
the signal level on line 13 to be constant amplitude 
45 at the tuned carrier frequency. The level detector 
33 operates to vary the gain control 12 to signal 
levels below that initially set by level detector 25. 
In this way the input on line 13 to the phase 
detector 15 is made independent of the amplitude 
50 of the tuned carrier frequency. In this case the 
phase locked loop 14 is formed as a single In- 
tegrated circuit on a single chip and the mixer 30 is 
formed on the same integrated circuit chip and has 
the same circuit design and made by the same 
55 process of manufacture so that the gain character- 
istics of mixer 30 are the same as those for mixer 
15. In this way. the phase locked loop 14 automati- 
cally compensates for any amplitude variation of 
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the carrier wave to which it is tuned. 

The gain of the phase locked loop Is carefully 
controlled so as to produce a stable loop producing 
rapid and stable lock onto the tuned frequency. 
This is achieved by setting the ratio in the voltage 
divider circuit. The operation of the circuit of Figure 
2 is discussed in more detail in our copending EP 
Application No.94306136.6 (Page White & Farrer 
Ref. 74182), herein incorporated by reference. 

The circuit of Figure 3 is similar to that of 
Figure 1 except that it includes a programmable 
gain circuit 40 connected between the loop filter 
and the voltage divider circuit 41 . The gain of the 
phase locked loop of Figure 3 is carefully con- 
trolled by the circuit 40 so as to produce a stable 
loop producing rapid and stable lock onto the tuned 
frequency. The gain is such that the voltage con- 
trolled oscillator 20 provides a frequency variation 
on line 23 matching the required bandwidth of the 
carrier wave to which the PLL is tuned. By control 
of the bandwidth the lock range of the PLL circuit 
is controlled so as to avoid locking onto signals 
having bandwidths outside the desired lock range. 
Similarly the capture range of the circuit Is deter- 
mined by the time constant of the loop filter 17. 
This is arranged to limit the variation of input 
frequency from the tuned carrier frequency which 
can be captured by the PLL. As the gain of the 
phase detector 15 is dependent on the amplitude 
of the input signal on line 13 the stabilisation of 
amplitude which is achieved for the tuned carrier 
wave frequency results in a stabilised gain for that 
carrier frequency assisting in stable locking onto 
the required carrier frequency. In this way the 
control of the automatic gain control circuit 12 in 
dependence on the amplitude detected by the mix- 
er 30 prevents a tendency for the loop to jump 
onto unwanted carrier frequencies. 

The operation of the circuit of Figure 3 is 
described more fully with reference to our copen- 
ding EP Application No.943061 35.8 (Page White & 
Farrer Ref. 74183)), herein incorporated by refer- 
ence. 

Claims 

1. Apparatus for setting up the tuning frequency 
of a phase locked loop including a voltage 
controlled oscillator, the apparatus including 
signal translation circuitry having a first input 
connected to receive a first voltage and a 
second input connected to receive a tuning 
voltage, the signal translation circuitry provid- 
ing a control voltage to the voltage controlled 
oscillator which is dependent on the first volt- 
age and the tuning voltage, and frequency 
detection circuitry for detecting a frequency of 
the signal output by the voltage controlled os- 



cillator in response to said control voltage, 
whereby said tuning voltage is altered in re- 
sponse to the frequency detected by the fre- 
quency detection circuitry. 

6 

2. Apparatus according to claim 1 wherein the 
tuning voltage is supplied through a switch 
which is disconnected when the conrect tuning 
voltage has been established. 

70 

3. Apparatus according to claim 2 wherein the 
frequency detection circuitry comprises first 
and second current sources connected in se- 
ries between respective voltage rails and an 

15 output node and being selectively switchable 
in response to a phase comparator connected 
to receive the signal output from the voltage 
controlled oscillator and a reference frequency 
signal. 

20 

4. Apparatus according to claim 3 wherein the 
output node supplies current which provides 
the tuning voltage via a capacitor, said capaci- 
tor maintaining the tuning voltage on the sec- 

25 ond input of the signal translation circuitry. 

5. Apparatus according to any preceding claim 
wherein, during tuning, the first voltage Is a 
reference voltage set at a predetermined level. 

30 

6. Apparatus according to any preceding claim 
wherein the voltage controlled oscillator has a 
further output which is supplied to a phase 
comparator to provide a voltage dependent on 

36 the phase difference between the further out- 
put of the voltage controlled oscillator and a 
signal input to the phase locked loop, the sig- 
nal translation circuit providing to the voltage 
controlled oscillator a control voltage depen- 

40 dent on the voltage representative of the phase 
difference and on the preset tuning voltage. 

7. Apparatus according to any preceding claim 
wherein the signal translation circuit comprises 

45 a series resistance network having a resistance 
between the first input and the output providing 
the control voltage which is substantially great- 
er than that between the output providing the 
control voltage and the second input. 

50 

8. Apparatus according to any preceding claim 
which includes circuitry for preventing drift of 
the tuning voltage after it has been set. 

56 9. A method of tuning a phase locked loop to 
operate at a predetermined frequency, the 
phase locked loop including a voltage con- 
trolled oscillator and the method comprising 
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supplying a tuning voltage to a signal transla- 
tion circuit which provides a control voltage for 
the voltage controlled oscillator, detecting the 
frequency output from the voltage controlled 
oscillator and setting the tuning voltage at the s 
predetermined frequency. 

10. A method according to claim 9 which includes 
the step of providing a reference voltage to the 
signal translation circuit during tuning so that io 
the control voltage is a function of the tuning 
voltage and the reference voltage. 
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